In a survey of the physicochemical characteristics, primary productivity and occurrence of zooplankton in fresh and brackish waters at Cape Thompson, Alaska, between June 28, 1960 and August 7, 1961, 14 species of Cladocera and 38 species of Copepoda (13 Calanoida, 11 Cyclopoida and 14 Harpacticoida) were distinguished in collections from 10 lakes, 8 lagoons and 111 pools. Seventy-three per cent of all species were monocyclic; 13 per cent dicyclic; 9 per cent tricyclic; and 4 per cent tetracyclic.
Ecology, Vol. 48, No. 1 of NaHC1403 having an activity of .004 mc. Usually two sets of bottles, each set consisting of one light and one dark bottle, were anchored at 0.3 m and 1.5 m depth during 1961 in another lagoon. The bottles were normally exposed from 20 to 24 hr, the exposure tiT e varying because of weather conditions that affected travel to and from the sampling sites. Following exposure, each sample was filtered through, a type HA Millipore membrane 24 mm in diameter. Counting and radiocarbon uptake readings were calculated in mg C/m3 hr by the International agency for C14 determinations located at Charlottenlund Slot, Charlottenlund, Denmark, and the results were converted into mg C/m3 day.
Quantitative samples of zooplankton were obtained by two methods: 1) during ice-free periods, horizontal tows were made in the limnetic zone with an open uncalibrated Clarke-Bumpus plankton sampler using a #12-mesh plankton net; 2) during periods of ice cover, a Swedish ice auger was used to core the ice and whole samples of water were taken with a 3,000-ml Kemmerer bottle and were strained through a #12-mesh plankton net to concentrate the zooplankton. Qualitative samples were taken by these methods and also by stripping vegetation. Concentrated samples were fixed in 10% formalin and preserved in 80% ethanol.
Identification of zooplankton was made from preserved specimens using published keys and figures (Brooks 1959 Quantitative data were calculated either from total counts of the numbers of individuals of a species present in a sample, or from three to six 1-ml Sedgewick-Rafter counts (the latter method used only when zooplankton were too abundant to warrant making a total count). One revolution of the Clarke-Bumpus sampler was assumed to represent 4 liters of water.
STUDY AREA
The Cape Thompson study area is about 161 km north of the Arctic Circle, 201 km northwest of Kotzebue, and forms a semicircle approximately 32 km to the north, to the south and inland of the mouth of Ogotoruk Creek at 68? 06' N, 165? 46' W (Fig. 1) . The aquatic habitats in the study area are located in a predominately tundra drainage area and range from small ephemeral pools to large perennial lakes and lagoons. Based on proximity to the Chukchi Sea, the aquatic habitats Temperatures above freezing occur usually on fewer than 100 days per year. Water temperatures rose rapidly in spring and usually reached a peak near 15 oC in June or July, then declined gradually until September when a rapid decline occurred (Fig. 2, 3 . The pH ranged from 6.6 in winter to 7.6 in summer in all aqtuatic habitats. Lagoons at Cape Thompson usually had higher values of calcium, mlagnesium, silica, sodium, chloride, total hardness and total solids than the lakes. Manganese and phosphate were more abundant in the lakes. Since steady winds tend to disrupt stratification in the aquatic habitats of the Arctic (Edmondson 1956), oxygen concentration was about 10 mg/liter at all depths throughout most of the growing season. However, oxygen concentration decreased to 0.0 mg/liter during the winter under ice cover (Fig. 2, 3) . Ionic concentrations were highest under 1.50 to 1.75 m of ice. Cations, anionis, salinity, carbon dioxide and alkalinity increased from 10 to 100 times as the ice froze during late 1960 and early 1961. In this same period, hydrogen ion concentrations shifted from slightly basic to slightly acid.
Carbon assimilation (mg C/m3 day) was higher in lake 4 than in Pusigrak (Fig. 4) (Table  I) . Of the total number of species, 16 were collected over 50%o of the time from lakes, 10 from lagoons, 18 from inland pools, 4 from coastal pools (Table II) .
EX gg counts of most species of Harpacticoida were maximal in June or July; egg counts of most species of Cyclopoida and Cladocera were maximiial from June to August inclusive and most Calanoidla had maximal egg coutits from July to October inclusive (Table III) In this connection it is interesting to note that neither glacialis nor gracilis formed affinities with other species (Table IV) nor was a member of any recurrent group (Fig. 5) .
Diaptomnus alaskaensis avoided interaction with most species in an extraordinary fashion. Atypical for diaptomids, it occurred only in small ephemeral pools where it had a greatly accelerated life cycle that was completed during the period of maximal primary production when other species that might interact with it were just starting their developmental cycles.
Cyclops scutifer and C. strenuus have so many morphological characteristics in common that many workers consider C. scutifer the same or a subspecies of C. strenuus (Yeatman 1944) . However, at Cape Thompson the two species occupied different habitats at different times of the year, C. strenuus primarily dwelling in pools during the summer and C. scutifer exclusively dwelling in lakes from early winter to late spring. These differences eliminate interaction between the two species and also provide isolation that might eventually result in a more distinct morphological separation.
Eurycercus lamellatus and E. glacialis had similar life cycles, but avoided interaction by occupying different aquatic habitats, the former species dwelling mostly in pools and the latter in lakes.
Although Daphnia middendorffiana and D. pulex occurred at Cape Thompson, D. middendorffiana was the dominant species, occurring abundantly inI many lakes, lagoons and pools, whereas D. pulex was present in small numbers in only a few pools, one lake and two lagoons.
Iinteractions between other species of Cladocera or Copepoda were not distinguished. Cyclopoida contains predatory species, but none of the species found at Cape Thomipson was observed taking prey.
AFFINITIES BETWEEN SPECIES AND RECURRENT GROUPS
The grouping of animals oln the basis of vegetation or of various physical or chemical factors in the environment generally has been unsatisfactory (Fager 1957; Gisin 1947; Sorenson 1948) . Physicochemical data from Cape Thompson were inadequate for detailed comparisons with zooplankton. The increase in carbon dioxide, the decrease in oxygen and the concentration of chemicals and organic constituents in the water below the ice probably eliminated species that might otherwise have overwintered. Concentrated chemical and organic constituents were released into the water after spring thaw and resulted in a high rate of primary productivity that provided energy for the maximal numbers of zooplankters.
Often species were associated on the basis of habitat preferences (McKee and Coker 1940; Reed 1962 ). An analysis of the distribution of species of Cladocera and Copepoda showed that 15 species preferred lakes; 10 preferred lagoons; 18, inland pools; 4, coastal pools and 4 were ubiquitous (Table III) . This method provides a general indication of species associations but does not accurately indicate affinities between species.
Recently workers have applied statistical techniques to associate species (Cassie 1961; Cole 1949; Fager 1957 (Table IV) and the relationships between recurrent groups established (Fig. 5) . When 52 species were considered, only 6 showed affinities (Table IV, 1) . Daphnia mniddendorffiacna, Chydorms sphaericus and Cyclops vernalis belonged to the ubiquitous group determined by habitat preference (Table I ). The other three species were common and abundant in collections from inland pools and lakes. The foregoing analysis yielded little more information than the grouping by habitat. Only the most common and/or widespread species were associated.
Since analysis of all samples yielded unsatisfactory results, the affin ities between 30 species fronm 10 lakes, 33 species from 71 inland pools, 22 species from 27 coastal pools and 23 species from 8 lagoons were determined and recurrent groups established. No affinities were found among species from the inland pools.
Ten species showed affinity in the lakes (Table  IV , 2) and seven interrelated recurrelnt grotups were established (Fig. 5, II) . The relationships between recurrent groups can be explained mostly by consideration of the distribution and developmelntal cycles of the species involved. The largest group, ABCD, contained species that had overlapping cycles and that were present in all of the lakes. Groups F, H, and I occurred together in 2 some of the lakes and had overlapping cycles, but no one group was present in all of the same lakes with any other group. For similar reasons, groups G, H, and I formed distinct units. Because of its rarity in the limnetic zones of lakes, group J was separated from all other groups except ABCD. Because its cycle overlapped the cycles of all other species, either in early spring, early winter, or during both periods, group E showed relationship with all groups except J. All species in the recurrent groups except group E had developmental cycles during the summer. Four species showed affinity in the coastal pools (Table IV, 4) and three interrelated recurrent groups were established (Fig. 5, IV) . Group AB contained ubiquitous species with overlapping cycles. Groups C and D showed relationship with group AB, but not with one another. The species in C and D belong to the same genus and may be mutually exclusive because they had cycles during the same time sequence. Usually the species of either-group C or D was collected with the species of group AB.
Three species showed affinity in the lagoons (Table IV, Table IV . A recurrent "group" may consist of a single species. Related recurrent groups are joined by a straight line. (Fig. 5, III) . All species of group ABC occurred together in several lagoons.
The above application of Fager's index of affinity illustrates the necessity of using samples from similar habitats. The greater the variance between habitats, the fewer were the number of affinities between species of microcrustacea found in those habitats. The lakes were the most uniform group of habitats in the Cape Thompson area and species collected from them showed the greatest number of affinities. The coastal pools were the second most uniform group. They were somewhat removed from the coastline and less subject to wind and storm-svnept waves from the Chukchi Sea than the lagoons; most coastal pools are in low swampy areas and are less apt to dry out than many inland pools. The constant flux between marine and freshwater conditions in the lagoons may account for the failure of more species to invade and maintain populations there. The inland pools were the most varied group of aquatic habitats and there was no affinity between any pair of species collected from them.
In each of the habitats the major recurrent group consisted of species from different genera. In the lagoons (Fig. 5, III) , this group consisted of one cladoceran, one calanoid and onie cyclopoid copepod. The same pattern occurred in the coastal pools (Fig. 5, IV) . Two Calanoida were in the major recurrent group in the lakes (Fig. 5, II) . These two species were in different genera and were imiarkedly different in size, H. septentrionalis males being about two to three times larger than males of D. pribilofensis. Thus separate "niches" in the community are suggested for these Calanoida.
Each of the major recurrent groups in each habitat may be considered as a community or as forming the major component of the limnetic community. The major component is similar to the community structure described for small Colorado lakes (Pennak 1957 ). In his paper, Pennak emphasized that a limnetic population usually consisted of one calanoid and one cyclopoid, or, if more than one species of either of these groups was present, the species were in different genera. The application of Fager's technique to populations collected from similar habitats strongly supports the pattern of community structure derived from the examination of momentary samples.
The affinities between species in the samples collected from the lakes further sup)ort the coIncept of the basic limnetic community. Recurrent groups E, G, H, I and J all belonged to genera different from those of group ABCD. Only group F, Diaptornus arcticus, was generically identical to a member of the major group. The size difference between these two species, which implies niche separation, was described previously. Groups E and I, both Cyclops, showed affinity. There was no size distinction between these species, but their life cycles only partially overlapped. An understanding of the relationships between the major component of the limnetic community and other recurrent groups or species that had no affinities requires an analysis of the physiological characteristics and ecological requirements of the species involved. Such informations is not available for any species of zooplankton.
DiscussioN
The relationship between the number of generations that can be produced by many species of plankton has been directly related to temperature and length of the growing season (Green 1961) . Only species that are physiologically adapted for having high rates of metabolism in relativelv cool waters can produce more than one generation during a short period. Therefore, the high percentage of monocyclism is not unexpected for species subjected to the cool waters and short growing season at Cape Thompson.
All calanioids except two species of Eurytemrora were monocyclic. E. canadensis and E. gracilicauda were dicyclic; there was some indication that the latter was tricyclic. Most cyclopoids were monocyclic; Cyclops strenuus, C. crassicaudis brachycercus, and C. languidoides were dicyclic and C. vernalis was tricyclic (perhaps tetracyclic). One generation of all species of Harpacticoida, except two, was collected only in the short prevernal/vernal season. Moraria duthiei and Attheyclla nordenskioldii were collected throughout the summer, but no copepodids of a second generation were taken. Thus all species were monocyclic and monocyclism may be inherent in the Harpacticoida.
Fifty per cent of the species of Cladocera were miionocyclic. Many species were restricted to small ephemeral pools that dried up before a seconid genleration could form. For example, Chydoruts sphaericus and Eurycercus lamellatus were polycyclic in perennial pools and lakes, but monocyclic in ephemeral pools. Perhaps nmost species of Cladocera are capable of forming more than one generation per year in the Arctic if they are in a suitable environment.
The reproductive cycles of the majority of Cladocera and Copepoda result in the vernal production of young when the maximal amount of environmental energy is available (Fig. 4) . Enough young must be produced to provide so many adults that their eggs may allow the population to become reestablished the following growing season. The numbers of adults required to assure survival of the species population may differ considerably between Copepoda and Cladocera. A cladoceran ephippium typically contains one or two eggs; a single copepod may produce as many as 120 (Table  III) . Thus cladoceran populations must be 5 to 30 times laYrger than calanoid or cyclopoid populations in order to produce the same number of diapause eggs. In the Cape Thompson area, the Cladocera and Calanoida appeared to utilize environmental energy differently. Cladocera seemed to convert surplus energy directly and quickly into individuals; some Calanoida appeared to store surplus energy in the summer and convert it into eggs in the fall (Table III) .
The few studies on the storage of energy by Although ainalyses of food storage in species of Cladocera and Copepoda collected at Cape TlhonmpsonI were IlOt performed, some insight to the utilization of food by various species may be interpolated fronm the average nunmber of eggs produced per femlale during 1960-61 (Table III) .
In most species of Cladocera, the nmaximal nunmber of eggs per female occurred in the spring when primary productioni anld the total number of zooplankton were highl (Figure 4) .
Since Cladocera seem to be opportuniistic sp)ecies that respond quickly to clhanlges in tlheir environment, the survival of the group may depend on the abilities of the various species to produce large populations during optimal periods. The production of large populations increases the chance for larger numlbers of individuals to produce ephippia (usually one or two eggs per ephippium) that overwinter to carry the species into the next year.
Most species of Diaptownus and Eltryteinora that were nmoniocyclic produced egg sacs in the fall and early winter when primary production and total number of zooplankton were low (Fig.  4) .
Females of Heterocope septcntrionl(lis anid Lirnnocalan us johanseni, which deposit eggs singly, had well-developed ovaries and were collected with spermathecae from August tlhrough mid-October. The eggs of Calanoida hatch in early spring and peak numbers of copepodids occur when primary production is maximal.
Thus reproduction is tiimed to increase the probability of survival of the young (in terms of energy). These species cannot take advanitage of the early spring bloom to increase nunmerically, but mtust pass tlhrough 12 growth stages that require as long as 3 months. Therefore, the ability to store food could be a survival mechainism for stuch species, allowing themii to accumulate energy and produce eggs later wlhen environimiental energy is minimal.
The cyclopoids and lharpacticoidls seeml to rely less onI food storage than calanoids. Both groups encyst as various copepodid stages during periods of stress. Cyclopoids may store some food since they seem capable of prodtucing eggs almlost as soonI as they come out of encystmiietnt in the spring. The carnivorous cyclopoid, Euchaeta antarctica, has hiigh lipid content througlhotut the year, but the total lipids increase for the prodtuction of the large fat-laden eggs (Littlepage 1964) . The cyclopoids may also be more euryphagic as they are known to be predatory as well as phytoplhagous. The ability to produce eggs througlhout the growilng seasoni (Table III) and to form polycyclic (levelopmlental cycles inidicate that the Cyclopoida nmay be better adapted for arctic con(litions than eitlher the Cladocera or Calanoida.
Hutchilnsoni (1951) applies the term "fugitive" to species that seenm able to "invade" a lake or po1)1( witlh great rapidity in the early spring, but are later almost completely eliminlated as the more slowly increasinig zooplanktoni species intenisify the dem11ands onI space and nutrients.
Such species teiid to survive by means of good dispersal mechanisms that enable them to invade new environmleints. A reservoir of such species may be maintaimed in tenmporary ponds, Diaptontius clavipcs is stuch a species. It colonizes small bodies of water soon after formation, but disappears after other species become established. Such species shiould be capable of rapid reproduction.
In the Cape T1om0Ipson area, inland pool species were primarily Cladocera, Cyclopoida and Harpacticoida (Table  I) .
The Harpacticoidla are all monocvclic aln(d are capable of conmpleting the reproductive cycle (luring the vernal season. The other two groups containied many species that were di-, tri-, or polycyclic (Table III) .
None of these species formled affinities with others, a further testimony to the ephemeral nature of their existence.
Fugitive species need not be limited to temporary pools.
In any aquatic environment with marked seasonal environmental fluctuation there is opportunity for fugitive species to develop populations. Such species would occupy the environment at times when the "permanent" members of the community are at low points of their popula-tion cycles. Some of the recurrent groups (E, J, H, etc.) of the lakes (Fig. 5) or those species showing no affinities may be fugitive species in the sense expressed here.
In varying environments that microcrustaceans inhabit, many factors may lterminate or inhibit population growth. The factors that determine population growth in the arctic environment are simpler to study since growth must be completed by most species within the short summer growing season. In the broadest use of the idea of fugitive species, all species in the Cape Thompson area are fugitive as no species is present year-around. The interactions between species within a community, the magnitude of a population of an individual species, and, in the final analysis, species survival depend upon the efficiency of each species to utilize energy. Studies of the role of physiological mechanisms in simplified environments, as the arctic, will form a physiological basis for determining community structure and illuminate the ways that environmental energy is partitioned among the members of the community. 
